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Littleabouttheneuropsychologyofartperceptionandevaluationisknown.Mostneuropsy-
chological approaches to art have focused on art production and have been anecdotal and
qualitative.The ﬁeld is in desperate need of quantitative methods if it is to advance. Here,
we combine a quantitative approach to the assessment of art with modern voxel-lesion-
symptom-mapping methods to determine brain–behavior relationships in art perception.
We hypothesized that perception of different attributes of art are likely to be disrupted by
damage to different regions of the brain.Twenty participants with right hemisphere dam-
age were given theAssessment ofArtAttributes, which is designed to quantify judgments
of descriptive attributes of visual art. Each participant rated 24 paintings on 6 conceptual
attributes (depictive accuracy, abstractness, emotion, symbolism, realism, and animacy)
and 6 perceptual attributes (depth, color temperature, color saturation, balance, stroke, and
simplicity) and their interest in and preference for these paintings. Deviation scores were
obtained for each brain-damaged participant for each attribute based on correlations with
group average ratings from 30 age-matched healthy participants. Right hemisphere dam-
age affected participants’ judgments of abstractness, accuracy, and stroke quality. Damage
to areas within different parts of the frontal parietal and lateral temporal cortices produced
deviation in judgments in four of six conceptual attributes (abstractness, symbolism, real-
ism, and animacy). Of the formal attributes, only depth was affected by inferior prefrontal
damage. No areas of brain damage were associated with deviations in interestingness or
preference judgments.The perception of conceptual and formal attributes in artwork may
in part dissociate from each other and from evaluative judgments. More generally, this
approach demonstrates the feasibility of quantitative approaches to the neuropsychology
of art.
Keywords: aesthetics, brain damage, neuropsychology, neuroesthetics
INTRODUCTION
Historically, art and esthetics have been well ensconced in the
humanities and have not been considered seriously within the sci-
ences. Fechner (1876) began the ﬁeld of empirical esthetics. More
thanacenturylater,neuroscienceisplayingcatch-up,andisﬁnally
coming of age (Skov andVartanian,2009; Chatterjee, 2011). The-
oreticalpositionsandafewbookslinkingneurosciencetoarthave
appeared (Ramachandran and Hirstein, 1999; Zeki, 1999; Living-
stone, 2002; Chatterjee, 2004a). Empirical studies using imaging
techniqueslookingatourresponsestobeauty(Aharonetal.,2001;
Ishai, 2007; Winston et al., 2007; Chatterjee et al., 2009)a sw e l la s
to different kinds of artwork (Kawabata and Zeki,2004;Vartanian
andGoel,2004;Jacobsenetal.,2005;Ishaietal.,2007;Cela-Conde
et al., 2009) are being published. Recent conferences devoted to
art and neuroscience (Nadal and Pearce, 2011) attest to the grow-
ing interest in the biology of esthetics. In this paper, we examine
the state of one important aspect of neuroesthetics,the neuropsy-
chologyof art(Chatterjee,2004b;BogousslavskyandBoller,2005;
Zaidel,2005).Weoutlinereasonsthatthisaspectof neuroesthetics
has been relatively undeveloped and report our initial attempts to
rectify this situation.
Sincethelatenineteenthcentury,muchofourknowledgeofthe
brain bases of cognitive and affective functions has been derived
from observations of people with brain damage. From close clin-
ical observations made by Broca, Wernicke, Lichtheim, Lissaur,
and Leipmann, the basic tenets of the biology of language, visual
semantics, and motor control were established. Over the twenti-
eth century, cognitive neurology and neuropsychology beneﬁted
from methods of experimental psychology. Our understanding
of memory, emotional processing, decision-making and virtually
every domain of cognition advanced from analysis of patients
with brain damage. Despite the recent ascendency of functional
neuroimaging, the inferential power of lesion studies is robust
(Chatterjee, 2005; Fellows et al., 2006). Yet, relatively little about
the neuropsychology of art is known.
Many have made observations of the kind of art produced by
people with neurologic disease (Bogousslavsky and Boller, 2005;
Zaidel,2005).Theseobservationsaremadewiththehopeof infer-
ring the neural bases for artistic production from its derangement
by brain damage (Chatterjee, 2006). Despite the fact that such
observations date back at least to the 1940s (Alajouanine, 1948),
the ﬁeld has not matured (Chatterjee, 2009). Artists with brain
damage that continue to produce a body of work are rare,and it is
difﬁcult,if not impossible,to conduct large-scale group studies of
artistic production. Most reports describe anecdotal observations
and offer a few art examples from which inferences are drawn.
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Thus,weareleftwithacollectionof anecdotesthatarefascinating
by themselves, but do not contribute to a comprehensive under-
standingofthesystemsinvolved,oranyformaltestsofhypotheses.
Acriticalobstacletoadvancingthisworkisthelackof quantitative
measures. How do we quantify a work of art? Doing so must be
critical if we are to measure change. How can we assess change if
we do not know what is changing and can reliably measure this
change?
To address this issue of how to measure change in artwork, we
developedatestcalledtheassessmentofartattributes(AAA;Chat-
terjeeetal.,2010).WedesignedtheAAAkeepinginmindtheneed
forcomponentialanalysisandquantiﬁcationintheneuropsychol-
ogy of art. The AAA is based on the widely held assumption that
artworkshaveformal-perceptualqualitiesandcontent-conceptual
qualities (Russell and George,1990;Woods,1991).We selected six
formal-perceptualattributesandsixcontent-conceptualattributes
based on a review of the literature with special consideration to
thekindsof attributesthoughttohavechangedinindividualswith
brain damage. The formal-perceptual attributes correspond to
early and intermediate visual processing. They are: Color temper-
ature (warm–cold), Color saturation (calm–vibrant), Stroke style
(controlled–loose), Depth (ﬂat–deep), Balance (low–high), and
Complexity (simple–complex). The content-conceptual attrib-
utes correspond to higher/late visual processing and its contact
with other domains, like semantics and emotional systems. They
are: Representational accuracy (less–more), Abstractness (less–
more), Realism (less–more), Animacy (less–more), Symbolism
(less–more), and Emotionality (less–more). We familiarize each
participant on each attribute. Their assessments are made using
a Likert scale, giving quantitative form to these descriptive attrib-
utes. The paintings in the AAA were selected from the Western
canon, covering different time periods. A well-known artist cre-
ated each painting to ensure reasonable esthetic quality in our
stimuli. However,the selected paintings were not the artists’most
popular works (e.g.,Hopper’s Nighthawks) that might be familiar
to even artistically naïve participants.
We have shown that the AAA can be used to assess systematic
change in the art produced by people with neurological disease.
Using the AAA (Smith et al., 2011), we reported that in patients
with left or right focal brain damage, art becomes more abstract,
distorted, and less realistic. The paintings are also produced with
looser strokes, less depth, and more vibrant colors. Notably, art
produced following left brain damage, becomes more symbolic, a
changenotseeninrightbraindamage.Bycontrast,thepaintingsof
people with Alzheimer’s Disease became more abstract and sym-
bolic and less realistic and depictively accurate (van Buren et al.,
2010).
If our understanding of the nature of artistic production fol-
lowing brain damage has been rudimentary,our knowledge of the
effects of brain damage on artistic perception is virtually non-
existent. Based on extant neuropsychological (Chatterjee, 2004b)
and functional neuroimaging (Brown et al., 2011) observations,
it is unlikely that we evolved perceptual and semantic representa-
tionsandemotionalneuralsystemsdesigneduniquelyforesthetic
experiences. Rather, particular combination of regional activa-
tions dedicated to general perceptions and emotions give rise to
estheticexperiences.Theexperienceoflookingatandappreciating
visual art likely relies on a diverse set of perceptual and cognitive
processes (Chatterjee,2004a;Leder et al.,2004;Nadal et al.,2008).
From admiring the precision of a portrait to responding to the
emotional resonance of a landscape, art requires the viewer to
perceive many attributes while also forming judgments of liking
and interest. We know little about the areas of the brain that are
responsible for the perception and evaluation of visual art. The
question of how to adequately quantify deviations in perception
applies in the same way that it does to deviations in production.
Here, we show that the AAA can be used to assess brain–behavior
relationships in art perception.
We focus our investigation on the role of the right hemi-
sphere. The right hemisphere participates prominently in visual
spatial attention and representation (Heilman et al., 1993; Chat-
terjee, 2003). Despite limited evidence for the popular view, the
right hemisphere is often considered the artistic hemisphere. For
our initial attempts to investigate the neural correlates of art
perception,wechosetofocusonrighthemispheredamagepatients
to avoid confounding language comprehension with judgment in
our study. For example,if a participant does not understand what
the word “symbolic” means, it would be difﬁcult to assess their
judgment of symbolism in any painting. We limited our investi-
gation to the perceptual abilities of artistically inexperienced or
“naïve”brain-damaged participants, given that artistically experi-
encedindividualsmayjudgeartdifferently(CupchikandGebotys,
1988; Hekkert and Van Wieringen, 1996; Chatterjee et al., 2010).
In principle, the same study could be conducted in patients with
expertise in art. In practice, such patients are less common in our
population. Finally,we use contemporary lesion analysis methods
in our study.Voxel-lesion-symptom mapping (VLSM) techniques
allowustoformallyassessthewayinwhichdamagetoabrainarea
correlateswithbehavioralscores(Batesetal.,2003;Kimbergetal.,
2007;Wuetal.,2007),withtheadvantagethatonedoesnothaveto
establish a deﬁcit cut-off. Rather, behavior inVLSM is considered
a continuous variable.
To summarize, neuropsychology has historically been an
important aspect of cognitive neuroscience. Yet, the neuropsy-
chology of art has been relatively underdeveloped. In our view,an
important reason for this lack of development has been the lack
of quantitative methods. To rectify this problem, we developed
the AAA to quantify artistic attributes. We also use modern lesion
analyses techniques to establish brain–behavior relationships.
MATERIALS AND METHODS
PARTICIPANTS
Twenty individuals with damage to their right hemisphere from
stroke (mean age 58.7, 5 men, 15 women) and 30 age-matched
healthy controls (mean age 58.8, 9 men, 21 women) partici-
pated in the study. Subjects were recruited from the Focal Brain
Lesion Database at the Center for Cognitive Neuroscience at the
University of Pennsylvania.
PRE-TEST SCREENING
Participants with brain damage were given a set of visual tests
includingashapedetectiontest,adotcountingtest,andaposition
discrimination test from the visual object and spatial perception
battery (VOSP; Warrington and James, 1991), as well an Ishihara
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test for colorblindness and a Grayscales test (Mattingley et al.,
2004) for right–left bias. They were also given basic background
neuropsychological screening tests (see Table 1).
Participants completed a questionnaire that indicated their
experience with visual art. Assessors included the number of art
and art history classes taken, frequency of museum and gallery
visits, and time spent making or reading about visual art. Based
on previous data (Chatterjee et al., 2010) only participants with
a score of less than 14 were deemed artistically naïve and were
included in the study. Four patients did not meet this criterion
and were not included in the analysis reported here.
ASSESSMENT OF ART ATTRIBUTES SCALE
WeusedtheAAAbatterytoobtainaquantitativemeasureof indi-
viduals’ abilities to judge perceptual and conceptual qualities of
visual art. The AAA measures one’s ability to perceive 12 different
attributes (6 formal and 6 conceptual) of visual art (Chatterjee
et al., 2010). Participants rate 24 images of paintings from the
Western art historical canon (Table 2) on each of the 12 scales on
a 5-point Likert scale. Before beginning the AAA battery, partici-
pantslookateachimagetoorientthemselvestotherangeof styles
of paintings they would be rating. In order to deﬁne the dimen-
sions of each attribute scale, participants ﬁrst see a training slide
and two example images that illustrate the extremes of the scale.
Participants are allowed to ask clariﬁcation questions before pro-
ceeding. Participants then rate each of the images of paintings on
a 5-point Likert scale. Images are presented in random order and
no time limit is imposed. After all images have been rated on the
12 formal and conceptual qualities, participants then evaluate the
paintings. They rate each painting for preference and for interest
on a 5-point Likert scale.
LESION DATA
Every patient’s lesion was drawn on a standard brain template
(“Colin 27” from the MNI) by one of two senior neurologists.
Using MRICron, lesions are deﬁned with respect to anatomically
deﬁned structures (e.g.,inferior frontal gyrus,angular gyrus,etc.)
as well as Brodmann areas using Automated Anatomical Labeling
andBrodmannAreasmapsavailableintheMRICrosoftwarepack-
age(RordenandKarnath,2004).VLSMcorrelationswereassessed
by regressing behavioral scores on lesion status scores across sub-
jects independently for each voxel. Only voxels that included at
least two participants with brain damage analyzed using a false
discovery rate of 0.01 (Figure 1).
ANALYSIS AND RESULTS
The group results of the screening tasks are shown in Table 1.I n
general patients did well on these tasks. Data from age and art-
experience matched control participants were used to develop a
baseline measure of esthetic perception and evaluation. For each
scale, the 24 paintings were assigned a unique rank order based
on their average rating by control participants. Then, individual
T a b l e1|P atient demographics and screening data.
Pt# Age Sex Years Ed AMNART WAIS-
III
Shape detection
(%Acc)
Dot counting
(%Acc)
Position discrimina-
tion (%Acc)
Grayscales* Ishihara test for
colorblindness
(%Acc)
01 69.6 M 12 122 16 – – – – –
02 68.4 F 16 113 10 100 100 95 −0.19 87 .5
03 55.0 F 18 121 11 100 100 100 0.00 100
04 45.1 F 16 119 12 85 100 100 −0.50 100
05 69.4 F 12 110 12 90 80 100 −0.25 100
06 80.8 F 18 115 14 95 100 100 0.56 93.75
07 74.7 M 12 – – 80 60 65 0.94 56.25
08 59.4 F 14 117 11 100 100 95 −0.19 93.75
09 61.1 F 16 – – – – – – –
10 55.1 M 12 112 10 100 100 100 0.19 87 .5
11 53.2 M 10 – – 100 70 90 0.19 100
12 58.1 F 16 – – 100 90 100 −0.19 100
13 77 .2 F 12 99 – 80 100 90 0.56 100
14 48.6 F 11 89 7 100 100 100 −0.19 100
15 69.6 F 18 125 14 95 100 100 −0.25 100
16 65.0 M 11 97 8 100 90 75 −0.88 81.25
17 41.3 F 12 110 10 100 90 100 0.50 100
18 46.8 F 12 – 6 100 70 75 1.00 100
19 49.9 F 12 106 4 100 100 100 −0.06 100
20 33.0 F 12 106 – – – – – –
Avg 59.07 13.60 110.73 10.36 95.59 91.18 93.24 0.07 94.12
SD 12.77 2.62 10.05 3.30 7 .26 13.17 11.03 0.50 11.37
*Grayscales test for left–right bias (+1=rightward bias, −1=leftward bias).
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controlparticipants’scoreswerecorrelatedwiththerankorderfor
each scale using Spearman’s Rho,as a measure of non-parametric
correlation. If an individual’s Rho statistic fell two SD below the
average Rho on a particular scale, their ratings were not used in
establishing the rank order of paintings for that attribute. See
Chatterjee et al. (2010) for details of these procedures.
Table 2 | List of paintings used in theAAA.
Vermeer, “The Letter”
Holbein, “Portrait of DirkTybis”
Hopper, “The Gas Station”
Pollock, “Number One”
Henri, “Laughing Child”
Garsia, “Apocalypse of Saint-Sever”
Cassatt, “Self Portrait”
Heda, “Still Life With Oysters, Rum Glass, and Silver Cup”
Brueghel, “Netherlandish Proverbs”
Kahlo, “Two Fridas”
Dalí, “Gala andTigers”
Newman, “Eve”
Cassatt, “On the Balcony During Carnival”
Matisse, “The Blue Room”
Van Eyck, “Man in aTurban”
Cézanne, “Still Life with Kettle”
Rothko, “Red and Orange”
DeKooning, “Woman”
Buoninsegna, “Virgin and Child Enthroned”
Picasso, “Reclining Nude”
Pissaro, “Landscape with Flooded Fields”
Dewing, “The Piano”
Eakins, “The Gross Clinic”
Matisse, “Seated Rifﬁan”
The results of this analysis demonstrate the reliability of the
AAA. Controls tended to have high average Spearman’s Rho and
lowSEforeachofthe12attributescalesandinterestandpreference
ratings (Table 3).
Once the rank order of paintings was established for each of
the 12 scales, we determined the degree to which right hemi-
sphere damaged individuals’ esthetic perceptual abilities deviated
from normal. Using Spearman’s Rho, we correlated each brain-
damagedindividual’sratingsoneachattributewiththerankorder
determined by the group control data. Then, for each attribute,
the individual’s Rho was subtracted from the average Rho of the
controls for a difference score. This difference score reﬂects the
degree to which a brain-damaged participant’s ratings of a par-
ticular attribute differed from the average ratings of the normal
control participants (Table 3).
We were interested in querying speciﬁc possible relationships
between our screening tasks and the patients’ judgments of dif-
ferent attributes. Speciﬁcally, could color perception as measured
by the performance of the Ishihara plates account for deviations
in judgment of either hue or tone? These correlations were not
signiﬁcant. Similarly, could performance on low-level perceptual
testsfromtheVSOPaccountforperformanceonotherperceptual
judgments.Wefoundacorrelationbetweenperformanceonshape
detection and deviations on the attribute of simplicity (r =0.51,
p <0.05).
To establish brain–behavior correlations of esthetic judgment
and evaluation, two analyses were conducted. The ﬁrst analysis
investigated whether right hemisphere damage in general pro-
duced speciﬁc impairments in esthetic impairment. The sec-
ond analysis tested for more speciﬁc locations within the right
hemisphere that were likely to produce impairments in esthetic
perception. We should be clear that the results of the ﬁrst analy-
sis are not predictive of the second. For example, as a group, the
brain-damaged individuals might be at ﬂoor performance on a
FIGURE 1 | Lesion coverage map within the right hemisphere.
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Table 3 | Deviation scores for age-matched healthy control subjects
and patients.
Control
mean rho
Control
SE
Mean rho deviation
(Control –
patient)
Deviation
SE
PERCEPTUALATTRIBUTES
Balance 0.50 0.04 −0.15 0.05
Color saturation 0.57 0.04 −0.04 0.05
Color temperature 0.59 0.04 −0.22 0.08
Depth 0.54 0.03 −0.09 0.05
Simplicity 0.71 0.03 −0.10 0.04
Stroke* 0.66 0.05 −0.30 0.09
CONCEPTUALATTRIBUTES
Abstractness* 0.81 0.02 −0.25 0.07
Animacy 0.71 0.03 −0.11 0.05
Emotion 0.61 0.03 −0.05 0.04
Objective accuracy* 0.76 0.02 −0.33 0.10
Realism 0.77 0.02 −0.11 0.04
Symbolism 0.69 0.02 −0.22 0.08
Interest 0.51 0.04 −0.16 0.06
Preference 0.47 0.04 −0.02 0.05
*denotes attributes in which deviation of patients is signiﬁcantly different at
p<0.003.
speciﬁc attribute and would show group effects when compared
to control subjects. Because ﬂoor performances would mean rela-
tivelylittlevarianceinperformance,thatbehaviorwouldprobably
not correlate with variance in lesion locations in aVLSM analysis.
Insuchascenario,theattributeislikelytobeassociatedwithbrain
regions in a non-linear manner, sensitive to disruption in differ-
ent possible areas. The converse is also possible. For example, if
right inferior parietal damage were critical in apprehending a spe-
ciﬁcattribute,participantswithsuchdamagewouldhaveimpaired
performancesandparticipantssparingthislocationwouldnot.As
a group, the right hemisphere damage group might not be sta-
tistically different than control participants, because many of the
patients perform normally. However, in this case, VLSM analysis
would reveal speciﬁc brain–behavior relationships.
For the ﬁrst analysis to investigate whether right hemisphere
damage in general produced speciﬁc impairments in esthetic
impairment we conducted t-tests to test whether the group devi-
ations were signiﬁcantly different than the mean scores of the
control participants, controlling for multiple comparisons at a
signiﬁcance level of (p <0.003). We found that the patients as a
group were impaired in judging the content-conceptual attributes
of abstractness and depictive accuracy and the formal-perceptual
attribute of stroke quality.
Forthesecondanalysistotestwhetherspeciﬁclocationswithin
the right hemisphere when damaged are likely to produce impair-
mentsinestheticperception,wetookthedistributionof deviation
scoresandassessifthedifferencescoresforeachattributeobtained
correlatedwithlocationof braindamage(Table 4)withafalsedis-
coveryrateof0.01(Figure2).Inregardstothecontent-conceptual
attributes, damage to the right frontal lobe, especially the inferior
frontal gyrus, was associated with deviations in judgments of
abstractness, realism, and animacy. Deviation in symbolism was
associated with damage to posterolateral temporal cortex, espe-
cially the superior temporal gyrus. In addition, damage to the
right parietal lobe was related to deviations in judgments of ani-
macy. For the formal-perceptual attributes, damage to regions of
the right temporal and frontal lobes as well as right insula was
associated with deviations in perception of depth. Deviations in
judgments of interest and preference were not associated with any
speciﬁc regions of damage.
DISCUSSION
Ourstudyexaminedhowbraindamageaffectstheperceptionand
evaluation of art. We were motivated to demonstrate that quanti-
tative approaches in the neuropsychology of art are feasible. Our
study is only a ﬁrst step in this direction. In what follows,we shall
mention the advantages of this approach and outline our results.
We then discuss some limits of the study,and how the ﬁeld might
move forward.
The results demonstrate that the neuropsychology of art can
be investigated in a systematic and quantitative manner. We have
shown previously that art production can be approached quanti-
tatively (Smith et al., 2011). Now, we extend this approach to art
perception. Quantitative approaches have the advantage of allow-
ing formal tests of hypotheses and replication. These advantages
do not denigrate the qualitative insights one might derive from
careful observation and theoretical analyses of art. However, it is
hard to see how the neuropsychology of art could mature as a
science without quantiﬁcation (Chatterjee, 2009).
Our study incorporates quantiﬁcation in two ways. First,is the
use of the AAA. This assessment allows quantiﬁcation of speciﬁc
attributesof anyartwork(Chatterjeeetal.,2010).Thereisnothing
abouttheassessmentthatrestrictsitsusetoneuropsychology.The
assessment could just as easily be used for other purposes, such
as to compare the work of different artists or to assess the nature
of change in any given artists’ style over time. Second, is our use
of VLSM techniques (Bates et al., 2003). This method represents
a general advance in lesion analyses and is being applied to the
perception of art for the ﬁrst time.
Ourbasicﬁndingsarethatdamagetotherighthemispherecan
affect the perception of selective aspects of art (see Table 4). This
cohort of patients as a group had impaired performance when
judging the content-conceptual attributes of abstractness and
depictive accuracy and the formal-perceptual attribute of stroke
quality. We also found that damage to lateral frontal–parietal–
temporal cortices was associated with deviations in the judgment
of 4/6 content-conceptual art attributes: abstractness,symbolism,
realism, and animacy. Of the formal-perceptual attributes, only
depth was correlated with damage to the inferior prefrontal cor-
tex. The fact that the patients as a group were impaired in judging
depictive accuracy and stroke quality and these attributes did not
show speciﬁc brain–behavior correlations, suggests the follow-
ing hypothesis. Judging the attributes of depictive accuracy and
stroke quality maybe especially vulnerable to right brain damage
in different locations and these attributes may instantiated non-
linearly in the brain. No brain area was associated with deviations
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in judgments in evaluating preference or interestingness of these
artworks.
Elsewhere, we have argued that any esthetic experience is built
upon at least three components (Chatterjee, 2004a, 2011). These
components are the experiences of the sensory qualities,the asso-
ciated sets of meanings, and the emotional responses evoked
by the esthetic object. Broadly, one might regard the formal-
perceptualattributesoftheAAAasprobingthesensoryexperience,
the content-conceptual attributes as probing the meaning, and
the evaluative questions as probing the emotional response to
these paintings. From our data, we would tentatively propose
that these three components of visual esthetic experiences seg-
regate broadly in the organization of the brain. Most of our
participants had damage in the distribution of the right mid-
dle cerebral artery. This distribution of brain damage involving
lateral frontal, parietal, and temporal cortices was more likely
to affect judgments of conceptual attributes. We would predict
that damage in the posterior cerebral artery distribution affect-
ing ventral occipital and temporal cortices might be more likely
to affect perceptual attributes. Furthermore, given the exten-
sive data implicating the ventral striatum and orbitofrontal cor-
tex in assigning subjective reward values (Kable and Glimcher,
2009), we would predict that damage to ventro-medial prefrontal
cortices would be more likely to affect people’s evaluation of
paintings.
We should be clear about the limits of this study. A general
limitisthatwehaverelativelylittleexperimentalcontroloverways
that broad cultural and sociological factors might contribute to
how people apprehend art. One would expect that cultural fac-
tors would be more likely to produce variance in judgments of
content-conceptual attributes than formal-perceptual attributes
(Chatterjee,2002).Yet,w note that the content-conceptual attrib-
utes were more likely to be disrupted than the formal-perceptual
attributes in this study, suggesting that role of cultural factors in
this assessment were not sufﬁcient to obscure the effects of brain
damage. However, future studies that address both cultural and
biologicalvariableswillbeneededtoprovidearichunderstanding
of art apprehension.
Another speciﬁc limit of this study is the sampling of brain
regions. While 20 participants is a relatively large group of brain-
damaged subjects, as mentioned above, we did not sample the
ventral occipito-temporal or ventro-medial frontal cortices. We
have studies currently underway to probe these areas. Another
limit is that we restricted ourselves to people with right brain
damage. Since this is the ﬁrst study of its kind, we did not wish
to confound our results with concomitant language comprehen-
sion deﬁcits that follow from left brain damage. However,we have
shownthatartproductioncanbeprofoundlyaffectedbyleftbrain
damage(Smithetal.,2011).Giventhatproductionandperception
mustoverlapatsomerepresentationallevels,wewouldpredictthat
left brain damage would also affect art perception. Again future
studies will need to sort out the role of the left hemisphere in art
perception.
Finally, we recognize that the description and evaluation of
art are qualitatively different. People are more likely to agree
about whether or not an image has warm tones than to agree
about whether or not the image is appealing. This difference is
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FIGURE 2 | Results of the voxel lesion symptom mapping analyses showing areas where damage was associated with signiﬁcant deviations of
aesthetic attribute judgments.
evident even in our healthy participants in whom agreement on
preference was the lowest than it was for any of the descrip-
tive scales. Given that the evaluation of artwork is less stable
than descriptive judgments, assessing the effects of brain dam-
age in preference is also more difﬁcult. The problem of sep-
arating variance inherent in individual differences from those
producedbytheeffectsof braindamageremainsamethodological
challenge.
To summarize, we believe that neuropsychology will play an
important role in advancing neuroesthetics. However, to date
most neuropsychological reports related to art have been anecdo-
tal and qualitative in nature. For this ﬁeld to mature as a science,
we advocate the use of quantitative methods. Here, we offer one
approach that uses both quantitative behavioral and lesion analy-
ses examining the role of the right hemisphere in art perception
and evaluation.
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